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Description 

[0001] This invention relates to optical fibre commu- 
nication systems and, in particular to communication 
systems which employ solitons or soliton-like pulses for 
data transmission. It is also applicable to systems in 
which the launch pulse may be phase modulated or re- 
turn-to-zero (RTZ). In such systems, which are not ob- 
viously soliton-like, after travelling a distance, the pulses 
are transfonmed into soliton-like pulses. 
[0002] It has recently been shown that a new class of 
optical solitons occur in dispersion managed systems 
where alternating sections of negative (anomalous) and 
positive (normal) dispersion fibre are used. (See, for ex- 
ample, Suzuki, M., Morita, I., Edagawa, N., Yamamoto, 
S., Taga, H., and Akiba, S., "Reduction of Gordon-Haus 
timing jitter by periodic dispersion compensation in 
soliton transmission", Electron. Lett., 1995, 31, (23), pp. 
2027-2029, Smith, N.J., Knox, F.IVl., Doran, N J., Blow. 
K.J., and Bennion, I., "Enhanced power solitons in opti- 
cal fibres with periodic dispersion management", Elec- 
tron. Lett., 1996, 32, (1), pp54-55 and Smith. N.J., Fo- 
rysiak, W., and Doran, N.J., "Reduced Gordon-Haus jit- 
ter due to enhanced power solitons in strongly disper- 
sion managed systems". Electron. Lett., 1996, 32, (22), 
PP2085-2086. 

[0003] In a further paper entitled "Energy scaling 
characteristics of solitons in strongly dispersion-man- 
aged fibres", Opt. Lett.. 1996, 21, (24), pp1981-1983. 
Smith et al. derived an empirical relationship for the en- 
hanced power of these solitons, where the average dis- 
persion is anomalous and significantly less (In magni- 
tude) than the dispersion in the two segments. These 
lossless calculations showed the importance of the 
launch point in the map (the minimum chirp is at the cen- 
tre of either section), but did not establish the exact 
pulse shape, nor the long term stability of the pulses. 
[0004] Masataka Nakasawa et al "Nonlinear Pulse 
Transmission Through an Optical Fiber at Zero-Average 
Group Velocity Dispersion", IEEE Photonics Technology 
Letters, Vol. 8, No. 3. March 1996, pp. 452-454 de- 
scribes nonlinear pulse propagation through a cascad- 
ed optical fibre with zero average group velocity disper- 
sion. It is shown that in the steady state a nontransform- 
lintited (chirped) pulse may propagate at a wavelength 
that is slightly shifted into the anomalous dispersion re- 
gion. 

[0005] Chunyan Zhang et al, "Optical Soliton Propa- 
gation in a Positively and Negatively Dispersion-allocat- 
ed Fiber", Communication Technology Proceedings, IC- 
CT, Vol. 1 , 1996, pp. 319-322 describes average soliton 
propagation in a periodically lumped amplifier system of 
a dispersion-allocated soliton transmission line with av- 
erage negative GVD. The results presented show that 
a bright optical soliton can propagate stably in a positive 
dispersion region as long as a negative average disper- 
sion value and suitable peak amplitude are guaranteed. 
[0006] N.J. Smith et al., "Enhanced power solitons in 



optical fibres with periodic dispersion management", 
Electron, Lett., 4 January 1996, Vol. 32, No. 1 , pp. 54-55 
describes formation of stable soliton-like pulses in opti- 
cal fibres with a periodic dispersion map. 

5 [0007] E.A. Golovchenko et al., "Collision-induced 
timing jitter reduction by periodic dispersion manage- 
ment in soliton WDM transmission", Electron. Lett., 24 
April 1997, Vol. 33, No. 9, pp 735-736 describes a nu- 
merical comparison of the performance of dispersion- 

10 managed fibres with dispersion-decreasing and uniform 
dispersion fibres with up to 8 channels. It is stated that 
dispersion management can provide the best perform- 
ance. 

[0008] We have discovered that by using dispersion 

15 management, in which an optical communication sys- 
tem uses alternative sections of fibre of opposite sign of 
dispersion, that transmitted pulses are not distorted 
(neither dispersively nor effectively nonlinearly) provid- 
ed the correct form of the pulse is selected. It is possible 

20 to have stable pulses (solitons) where the net dispersion 
is zero, normal or anomalous. There are no solitons for 
normal dispersion, but pulses are also stable in this re- 
gime. This permits wavelength multiplexing around the 
zero dispersion since, although the dispersion depends 

25 on wavelength, it is unavoidable that both signs will oc- 
cur. However, the new arrangement permits solitons to 
be used for a wide range of wavelengths. 
[0009] We have found that the shape of pulse is sig- 
nificant. For these systems it is important to pre-chirp 

30 the pulse in an appropriate way The degree of chirp and 
pulse duration depends on the data rate required and 
how the map is designed. We have also discovered that 
for zero net dispersion there appears a preferred pulse 
duration for a particular map. The ratio 

35 




40 

where ^ is the fibre dispersion, t is the pulse duration 
and € is the fibre length. It means that the system (for 
the zero dispersion case) is specified by the pulse du- 
ration (effectively the data rate) and the dispersion of 

45 the fibres I.e. the length of each section can be immedi- 
ately inferred. For example if t = 20ps (lOGb/s) and p 
~ 20ps2/km (standard fibre), then the fibre lengths 
should be 80km. Alternatively, if ^ = Ips^/km (disper- 
sion shifted fibre typical number) then 1600 km is ideal. 

50 Numerical modelling indicates that there are stable non- 
linear transmission pulses for periodically dispersion 
managed systems where the path average dispersion 
may be either anomalous, zero, or even normal. 
[0010] A new class of stable pulses is demonstrated 

55 to exist when the average dispersion is zero or even nor- 
mal. The discovery of these stable pulses allows the use 
of solitons in WDM systems around the zero (average) 
dispersion, where due to dispersion slope effects both 
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signs of dispersion are inevitable. 
[0011] According to the invention there is provided an 
optical-fibre communication system according to claim 
1 . Prefen^ed embodiments are set out in the dependent 

claims. 

[0012] The invention will be particularly described by 
way of example, with reference to the accompanying 
drawings, in which 

Figure 1 shows propagation for 1 00 000 km for 

a pulse with E = 0.03 pJ. and 100 km 
sections of P" = -S.lps^/km and fl" = 
4.9 ps2/ km. The pulse is shown at the 
mid point of the anomalous section 
Figure 2 shows propagation over one cycle for 

a pulse with E = 0.03pJ, and 100 km 
sections of p" = -5. Ips^/km and P" = 
4.9 ps2/km 

Figure 3 shows stable propagation for 80 000 

km at net zero dispersion for a pulse 
with E = 0.2pJ, and 80km segments of 
p" = ±10 ps2/ km. The pulse is shown 
at the mid point of the anomalous sec- 
tion, 

Figure 4 shows the pulse width versus energy 

for a dispersion map with zero aver- 
age dispersion, (a) at the segment 
boundary, (b) in the mid point of the 
normal segment, (c) in the mid point 
of the anomalous segment; 

Figures 5 to 7 are dispersion maps illustrative of the 
invention, and 

Figure 8 is a schematic diagram showing a 

soliton or soliton-like communication 
system in accordance with a specific 
aspect of the invention. 

[0013] We have performed extensive numerical in- 
vestigations on a two stage map for individual pulses, 
ignoring loss in the first instance. Our procedure is first 
to accurately establish the long distance stable solution 
if it exists. In general, if one starts with some reasonable 
initial pulse shape and size, then the pulse width, taken 
at a fixed point in each cycle, will oscillate over many 
cycles, as some radiation is shed and the long term sta- 
ble pulse emerges. We use this effect by averaging the 
pulse shapes at the extreme of these oscillations to rap- 
idly find the converged wave form with high accuracy. 
We can then remove the averaging to check the stability 
of the converged pulses. 

[0014] Using this technique we have discovered that 

long term stable pulses can indeed be obtained, provid- 
ed that the average dispersion is significantly different 
from the dispersion in each section. Figure 1 shows an 
example of such a pulse for a deep map with net anom- 
alous dispersion and a power enhancement factor of 
4.5. The evolution shows no evidence of radiation and 
is shown on a log scale to illustrate the extreme stability 



observed. Figure 2 shows the evolution during one pe- 
riod of the map. At the mid point of each section, the 
pulse has a curved (Gaussian) centre and linear (expo- 
nential) wings with dips. At these points the pulse is to- 
5 tally unchirped, i.e. exactly in phase, and the dips are 
zeroes, roughly periodic in fi. At the boundary between 
sections, where the pulse is widest, it becomes more 
sech-like (exponential) and is strongly chirped. These 
observations are typical for strong dispersion maps. 
Contrary to normal assumptions, the pulse is not self- 
similar during one cycle, i.e. the power spectrum also 
evolves. 

[0015] The most surprising result of our investigation 
is that such stable pulses exist not only for many differ- 
ent types of map with average anomalous dispersion, 
but also for maps with exactly balancing sections, i.e. 
zero average dispersion, and even where the average 
dispersion is normal. In each case the pulse is similar 
to the one illustrated in Figures 1 and 2. For instance. 
Figure 3 shows a stable pulse for one case where there 
is no net dispersion. This is a remarkable result, since 
this pulse is certainly nonlinear, and there is no net dis- 
persion against which to balance the nonlinearity in a 
conventional sense, yet the pulse does not show any 
spectral broadening. In this case it is clearly inappropri- 
ate to discuss a power enhancement, but for the param- 
eters of Figure 3 the pulse energy is equivalent to that 
of a conventional soliton with the same width for a con- 
stant dispersion of -2.5ps2/km. This is clearly a signifi- 
cant energy and will allow stable soliton-like operation 
at zero dispersion. Indeed we have found that, in con- 
trast to what is seen in systems without dispersion con- 
trol, including third order dispersion of 0.07ps/km does 
not lead to a break-up of the pulse. 
[0016] In the case of net normal dispersion, we have 
the equally surprising result that dispersion manage- 
ment allows exact nonlinear suppression of dispersion 
for these bright soliton-like pulses. We have obtained 
stable pulses for small values of the net normal disper- 
sion, e.g. 80km segments with a dispersion of -lOps^/ 
km and +10.8ps2/km respectively. This of course is not 
possible with conventional bright solitons for uniform 
normal dispersion. 

[0017] We have also investigated the dependence of 
the pulse width on the energy. For illustration, we con- 
sider the case of zero average dispersion, where there 
is effectively only one independent parameter after ap- 
propriate scaling. Figure 4 shows the energy depend- 
ence of the pulse width for a particular map (£^ 2 ^ 
km and. -^1,2 = - lOps^/km). There is a nearly linear de- 
pendence on energy of the pulse width, increasing in 
the normal fibre and decreasing in the anomalous fibre, 
in contrast to conventional solitons, where the energy is 
inversely proportional to the pulse width, so that the 
pulse width goes to infinity as the energy goes to zero. 
Here we have observed that for a particular map there 
appears to be a 'preferred' optimal pulse width for small 
pulse energies. 
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[0018] We have also performed extensive studies of 

our new stable pulse and discovered that the energy en- 
hancement depends on the average dispersion and the 
depth of the map in a complex manner. 
[0019] The remarkable stability and the possibility of 
ultra-stable soliton-like propagation for dispersion of ei- 
ther sign (or zero) clearly Implies that high data rate long 
distance soliton communication should be possible 
around the net zero dispersion. By operating at very low 
average dispersion, timing jitter effects can be virtually 
eliminated for a range of wavelengths, thus allowing 
WDM without the need for sliding filters nor active con- 
trol. 

[0020] Stable dispersion managed soliton-like pulses 
exist for anomalous and zero, as well as for normal, av- 
erage dispersion. The region of observation is extensive 
in the net anomalous dispersion and therefore these 
pulses are suitable for long distance and WDM systems. 
Appropriately tailored initial pulses can be obtained from 
our numerical procedure, to achieve optimal perform- 
ance. The correct pulse shape depends on the position 
in the cycle and thus on the launch point. 
[0021] The region of allowed dispersion is considera- 
bly extended if the anomalous element is longer (or 
more nonlinear) than the normal fibre(element). Thus 
gratings for dispersion compensation will allow larger 
net normal dispersion for the same map strength. Thus 
there is a wider wavelength range for the asymmetric 
map with the anomalous section the longer one. (The 
reverse is true if the asymmetry is the other way around). 
[0022] Dispersion managed solitons are excellent 
media for high-speed optical communication. Com- 
pared to standard solitons, their power is enhanced, 
they can propagate at zero and normal average disper- 
sion, leading to reduced Gordon-Haus jitter, reduced 
pulse interaction and increased noise margins. We have 
found that by using asymmetric maps the soliton power 
can be further enhanced and the accessible bandwidth 
in the normal average dispersion regime can be in- 
creased. For systems using wavelength-division-multi- 
plexing (WDM), asymmetric maps can equalise the 
soliton power in adjacent channels. The critical map 
strength, however, is unaffected by the map asymmetry, 
and the optimal strength for dispersion managed soliton 
systems is of the order 4. 

[0023] In a two-stage map, where the dispersion al- 
ternates between normal and anomalous the pulse ev- 
olution is modelled by the nonlinear Schrddinger (NLS) 
equation 

B" 2 
/t/^= tytVy + ylu| u 

where z is the distance of propagation, t is the local time, 
p" and Y are the dispersion and the nonlinear coefficient 
of the fibre, respectively. The pulse evolution in lossy 
fibres can also be modelled by this equation as long as 
the amplification period Is different from the period of 



dispersion management. The stationary solutions in a 
two-stage map are characterised by three parameters, 
the map strength, S = , - ^ L2\h^ fwhm (subscript 
1 and 2 refer to the normal and ihe anomalous disper- 

5 sion fibre, respectively, are the fibre lengths and 
'^FWHM '5 width at half maximum at the mid-point 
of the anomalous fibre), the normalised average disper- 
sion, P"=P"ave/P"2 (P" is the average dispersion) and the 
map asymmetry 5 = {y^/ P"^) / (72/ p"2). The map strength 

10 is the normalised length of the dispersion map, P" Is the 
average dispersion in fractions of the local dispersion of 
the anomalous fibre, the map asymmetry indicates how 
equal the fibres are with respect to nonlinear effects. For 
two fibres with equal nonlinear coefficients (71=72). S is 

15 the ratio of the dispersions and around zero average dis- 
persion this is just the ratio of the lengths, h-L^IL2. 
[0024] By using the variational approach of A. Bern- 
ston, N.J. Doran, W. Forysiak and J.H.B. Nijhof, Opt. 
Lett. And D. Anderson, Phys. Rev. A 27, 3135 (1983). 

20 we can calculate approximately the normalised power, 
FWHM ^IP"2l dispersion managed 

soliton as function of map strength S, normalised aver- 
age dispersion and map asymmetry 5, without further 
assumptions. The physical significance of hfi is that it 

25 represents the power in fractions of the fundamental 
soliton power at the mid-point of the anomalous disper- 
sion fibre. The result of this calculation is shown in Fig- 
ure 5 for three cases with different asymmetry. Figure 
5a (5 = 10) shows the case of dispersion-shifted fibre 

30 (DSF) compensated by standard fibre (SSMF), Fig 5b 
(6=1) Illustrates the symmetric case (equal magnitude 
of the dispersion), and Fig 5c (8= 0.1) shows the case 
of SSMF upgraded by dispersion compensation fibre 
(DCF). The figures are contour plots, each line corre- 

35 spending to fixed normalised average dispersion in the 
map strength/power plane. The variational predictions 
of Fig. 5 were qualitatively verified by numerical simula- 
tions presented in Fig 6. 

[0025] The basic structure of the maps of Figures 5a- 
40 c is the same. In each, there is a critical strength, S, = 
4.8 (numerically S. = 3.9, see Fig 6b), for propagation 
at zero and normal average dispersion. The critical 
strength is independent of the map asymmetry. The low- 
er energy branch in the normal dispersion region is un- 
45 stable and cannot be found numerically, see Fig 6a. The 
changes in Fig. 5 as the map asymmetry is decreased, 
is that the dispersion is shifted towards more anomalous 
(or less normal) on the average, i.e. the region for nor- 
mal average dispersion grows when going from Fig. 5a 
50 to Fig. c. This can be explained by noting that in the nor- 
mal dispersion fibre nonlinear and dispersive effects 
cause a frequency chirp of the same sign. Nonlinear 
chirping can then replace dispersive chirping and the 
normal fibre can be shortened as it becomes more non- 
55 linear. 

[0026] Comparing the soliton parameters for the cas- 
es shown in Fig. 5, the highest power, for a given aver- 
age dispersion, is achieved for SSMF compensated by 
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DCF (Fig. 5c). This case also gives the largest band- 
width in the normal average dispersion region, see Fig. 
7. Fig. 7 shows the same data as in Fig 5 but presented 
differently. The lines for constant map strength pene- 
trate deeper into the normal dispersion regime for low 
5) and this corresponds, via the dispersion slope, to a 
larger bandwidth. This means that the chances for ex- 
perimental observation of dispersion-managed solitons 
in normal average dispersion will be better for low 5 (SS- 
IVIF+DCF). The accessible bandwidth is in this case ap- 
proximately ten times larger than in Fig 7a (DSF+SS- 
MF). Finally, Fig. 7 shows that the variation of the soliton 
power with average dispersion is lowest for low 8. For 
systems using WDM, this gives an equalisation of the 
power in adjacent channels. 

[0027] The region marked "higher order solutions" in 
Fig. 5 corresponds to a situation where the length of the 
anomalous dispersion fibre is longer than a soliton pe- 
riod. This region is excluded in Fig. 5 partly for the sake 
of clarity but also because in the variational approxima- 
tion the same solution can always be achieved by a 
shorter anomalous fibre, i.e. with lower average disper- 
sion. 

[0028] Thus asymmetric dispersion maps can be 
used to optimise the performance of dispersion man- 
aged soliton systems. In particular, a system with SSMF 
compensated by DCF has higher soliton power, gives 
more bandwidth in normal average dispersion, and re- 
sults in an equalisation of the channel power in WDM 
systems compared to symmetric systems and systems 
using dispersion-shifted fibres. 
[0029] A soliton-based communications system is 
shown in Figure 8. This comprises a source of solitons 
T and an optical waveguide consisting of successive el- 
ements A^, - An, Bp having successively normal and 
anomalous dispersion. The elements B^ etc. provide 
compensation for the dispersion in the elements A^ The 
normal dispersive elements may be provided with a 
bandpass filter (Fig. 8b), Ideally in the centre of the el- 
ement where the bandwidth is minimum. Such filters will 
permit relaxation of the eparameter S so that S = 2 is 
suitable with appropriate filters inserted. Dispersion 
compensation may be performed either with fibres hav- 
ing anomalous dispersion or with linear elements such 
as Bragg gratings G (Fig. 8c). In such an arrangement 
it will be necessary to provide a circulator C. 
[0030] Dispersion management as herein described 
permits operation exactly at zero dispersion for a very 
high speed single channel or wavelngth division multi- 
plexing around the zero dispersion point. If WDM around 
zero dispersion Is employed, care is needed to avoid 
channels with identical group velocities. If this cannot 
be avoided it will be necessary to include a'double* step 
around the centre of the system. 
[0031] Dispersion slope compensation may take 
place, either in the compensating element or periodical- 
ly or at the end of the system. Sinusoidal variations In 
dispersion are also suitable for all the situations de- 



scribed above. 



Claims 

5 

1. An optical-fibre communication system comprising 
a plurality of sections (Ap, B^) having dispersion of 
opposite sign and having an average dispersion, 
characterised In that the average dispersion is 

10 normal and significantly different from the disper- 
sion of each section (A^, B^,) and In that the system 
is arranged to have in use a map strength that ex- 
ceeds a critical strength of 4.8, such that propaga- 
tion of stable optical pulses Is supported. 

15 

2. A communication system according to claim 1, 
wherein said system is a wavelength division mul- 
tiplex system having a plurality of channels. 

20 3. A communication system according to claim 2, 
wherein no two of said channels have substantially 
equal group velocities. 

4. A communication system according to claim 1, 
25 wherein the optical sections (A^, Bp) have disper- 
sions and optical path lengths that follow an asym- 
metric dispersion map. 

5. A communication system according to claim 4, com- 
30 prising sections of standard fibre and sections of 

dispersion-compensation fibre. 

6. A communication system according to claim 1 , com- 
prising a linear element such as a Bragg grating (G) 

35 as a dispersion compensation element. 

7. A communication system according to claim 1 , com- 
prising a normal dispersive element (A^^) having a 
band pass filter (F). 

40 

8. A communication system according to claim 7, 
wherein the band pass filter (F) is In the centre of 
the normal dispersive element (Ap,), where the 
bandwidth is minimum. 

45 

9. A communication system according to claim 1, 
wherein the dispersion of each optical section (Ap, 
Bp) varies along the length of the section so that the 
dispersion along the plurality of optical sections var- 

50 ies sinusoidally. 

10. A communication system according to any preceed- 
ing claim further comprising a source (T) arranged 
to launch pulses Into said communication system. 

55 
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Patentanspruche 

1. Ein faseroptisches Ubertragungssystem aufwei- 
send eine Vielzahl von Sektionen (A^, Bn) mit einer 
Dispersion von entgegengesetztem Vorzeichen 
und einer mittleren Dispersion, dadurch gekenn- 
zeichnet, dass die mittlere Dispersion normal und 
signifikant verschieden von der Dispersion der ein- 
zelnen Sektionen (Ap, Bp) ist, und das System der- 
art ausgebildet Ist, dass die eingesetzte Abbil- 
dungsstarke des Systems eine kritisclie Starke von 
4.8 uberschreitet, so dass die Ausbreitung von sta- 
bilen optlschen Impulsen unterstutzt wird. 

2. Ein Ubertragungssystem nach Anspruch 1 , wobei 
das besagte System ein Wellenlangenmultiplex- 
System mit einer Vielzahl von KanSlen ist. 

3. Ein Obertragungssystem nach Anspruch 2, wobei 
keine zwei der besagten Kanale die substantiell 
gleichen Gruppengeschwindigkeiten aufweisen. 

4. Ein Obertragungssystem nach Anspruch 1 , wobei 
die optischen Sektionen (A^, Bp) Dispersionen und 
optische Wellenlangen aufweisen, die einer asym- 
metrischen Dispersionsabbildung folgen. 

5. Ein Obertragungssystem nach Anspruch 4 mit Sek- 
tionen von Standardfasern und Sektionen von Di- 
spersions-Kompensations-Fasern. 

6. Ein Obertragungssystem nach Anspruch 1 mit ei- 
nem linearen Element, wie dem Bragg Gitter (G), 
als Dispersions-Kompensations-Element. 

7. Ein Obertragungssystem nach Anspruch 1 mit ei- 
nem normal dispersiven Element (Am), das ein 
Bandpass-Filter (F) aufweist. 

8. Ein Obertragungssystem nach Anspruch 7, wobei 
das Bandpass- Filter (F) im Zentrum des normal di- 
spersiven Elementes (A^) liegt, wo die Bandbrelte 
minimal ist. 

9. Ein Obertragungssystem nach Anspruch 1 , wobei 
die Dispersion jeder optischen Sektion (A^, B^) ent- 
lang der Lange der Sektion variiert, so dass die Di- 
spersion entlang der Vielzahl der optischen Sektio- 
nen sinusfSrmig variiert. 

10. Ein Obertragungssystem nach irgendelnem der 

vorangegangenen Anspruche mit einer Quelle (T), 
die derart ausgebildet ist, dass sle Impulse in das 
besagte Obertragungssystem einkoppelt. 



Revendications 

1. Systeme de communications en fibres optiques 
comprenant une plurality de sections (Ap, Bp) ayant 

5 une dispersion de signe oppose et ayant une dis- 
persion moyenne, caracterise en ce que la disper- 
sion moyenne est normale et consld§rablement dif- 
ferente de la dispersion de chaque section (Ap, Bp) 
et en ce que le systeme est agence pour utiliser 

10 une intensity cartographique (map strength) qui d6- 
passe une intensite critique de 4,8, de sorte que la 
propagation d'impulsions optiques stables est sup- 
portee. 

15 2. Systeme de communications selon la revendication 

1 , dans lequel ledit systeme est un systeme de mul- 
tiplexage a division de longueur d'onde comprenant 
une pluralite de canaux. 

20 3. Systeme de communications selon la revendication 

2, dans lequel deux desdits canaux n'ont pas des 
vitesses de groupe sensiblement egales. 

4. Systeme de communications selon la revendication 
25 1, dans lequel les sections optiques (An, Bn) pre- 
sentent des dispersions et des longueurs de che- 
min optique qui suivent une carte de dispersion asy- 
m6trique. 

30 5. Systeme de communications selon la revendication 
4, comprenant des sections en fibre standard et des 
sections en fibre a compensation de dispersion. 

6. Systeme de communications selon la revendication 
35 1 , comprenant un element lineaire tel qu'un reseau 

de Bragg (G) en tant qu'6l6ment de compensation 
de dispersion. 

7. Systeme de communications selon la revendication 
40 1, comprenant un element dispersif normal (Ap,) 

ayant un filtre passe bande (F). 

8. Systeme de communications selon la revendication 
7, dans lequel le filtre passe bande (F) se trouve au 

45 centre de I'element dispersif nomial (Ap,) ou la lar- 
geur de bande est minimum. 

9. Systeme de communications selon la revendication 
1, dans lequel la dispersion de chaque section op- 

50 tlque (Ap, Bp) varie le long de la longueur de la sec- 
tion de sorte que la dispersion le long de la plurality 
de sections optiques varie de maniere sinusoTdale. 

10. Systeme de communications selon i'une queicon- 
55 que des revendications precedentes, comprenant 

en outre une source (T) agencee pour lancer des 
impulsions dans ledit systeme de communications. 
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Fig. 5a 
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Fig. 5b 
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Fig. 8a 
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